A number of micro-organisms capable of growth on L-threonine degrade it via two-carbon compounds. A species of Arthrobacter oxidized threonine by a dehydrogenase reaction to 2-amino-3-oxobutyrate which was then cleaved to acetyl-CoA plus glycine by a thiolase reaction (McGilvray & Morris, 1969) . In contrast, Pseudomonas putida split threonine directly by an aldolase reaction to acetaldehyde plus glycine (Morris, 1969) . In each case glycine was metabolized by the folate-dependent serine pathway.
RESULTS
Growth and manometric studies. Pseudomonas oxalaticus (NCIB 8624) grew well at 30" on basal media supplemented with L-threonine, or a variety of other compounds, as sole source of carbon. Liquid media contained 7 g. K,HPO,, 3 g. KH2P04, 1-2 g. Na2S04, 0-1 g. MgS04. 7Hz0 and 4 g. carbon source made up to I 1. with glass-distilled water. Where carbon compounds contained no nitrogen, I g. (NH4)2S04 was added. Growth on threonine was not enhanced by NH+4 ions, and growth on glycine alone did not occur unless the inoculum had been grown initially on threonine medium. Good growth occurred on acetate alone. Growth on an equimolar mixture of acetate plus glycine took place without lag as rapidly as growth on threonine. No growth occurred on 2-oxobutyrate medium.
Washed suspensions of Pse udomonas oxalaticus grown on L-threonine oxidized a mixture of acetate + glycine more rapidly than either compounds used singly or indeed threonine itself. Table I . No aldolase activity co uld be detected. Threonine dehydratase activity in all extracts was markedly inhibited by isoleucine. Some properties of the inducibly formed L-threonine dehydrogenase were determined after partial purification by molecular exclusion chromatography on a column of BioGel P-300. Optimum activity was at pH 9.0 to 9-5, and kinetic constants determined by the graphical procedure of Lineweaver & Birk (1934) and 2,2'-bipyridyl, 36% at I mM. Iodoacetate and EDTA had no effect at 5 mM. Additions were preincubated with enzyme in buffer for 15 min. before activity assay. Aminoacetone formation from L-threonine. Washed suspensions of threonine-grown Pseudomonas oxalaticus did not accumulate aminoacetone when incubated with the amino acid. During growth on L-threonine only low concentrations (less than 0.05 mM) accumulated during the lag phase. Slow but complete disappearance of aminoacetone occurred when rapid growth commenced. When iodoacetate (25 mM) was added to growing cultures, aminoacetone accumulated up to concentrations of about 0.50 mM within 24 h. (Dixon, & Kornberg, 1959) . Enzyme activities were measured at 30" unless otherwise stated. Units of enzyme are defined as those amounts which catalyse the formation of I pmole of product (or transformation of substrate)/min. under the conditions described.
Enzyme specific activities (units/mg. protein) Suspensions of Pseudomonas oxalaticus grown on L-threonine did not remove aminoacetone from suspension media. Cell-free extracts were unable to catalyse the 2-0x0 acid and NAD+-dependent utilization of aminoacetone observed with Pseudomonas and Bacillus species (Higgins, Turner & Willetts, 1967) .
2-Amirzo-3-oxobutyrate CoA ligase. This enzyme, originally considered to be ' aminoacetone synthase', was implicated in the catabolism of threonine to acetyl-CoA plus glycine by McGilvray & Morris (I 969). Activity in extracts of threonine-grown Pseudomonas oxalaticus could not be measured satisfactorily by the methods used by these authors due to the presence of an active acylase (approx. 150 nmoles/mg. protein/min. at 30") present under all conditions tested. The cosubstrate was hydrolysed so rapidly that neither CoA nor aminoacetone formation from acetyl-CoA plus glycine could be detected.
Metabolism of acetate and glycine by Pseudomonas oxalaticus. When the threonine-grown micro-organism was resuspended in either acetate or glycine growth media, growth occurred after a lag of 4 to 5 h. There was no lag in acetate+glycine medium. Threonine-grown micro-organisms oxidized an equimolar mixture of acetate and glycine more rapidly than threonine itself.
Enzymic evidence suggested that glycine was metabolized via glyoxylate and the glycerate pathway (Dagley, Trudgill & Callely, 1961 ; Kornberg & Gotto, 1961) . High glycine-pyruvate
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Short communication aminotransferase and glyoxylate carboligase activities were found in extracts of Pseudomonas oxalaticus grown on threonine in contrast to succinate or acetate media (see Table I ). No other transaminations involving glyoxylate and a variety of amino acids including L-serine (Blackmore & Quayle, 1970) and L-aspartate (R. G. Gibbs & J. G. Morris, personal communication) could be detected. P-Hydroxyaspartate dehydratase activity (Kornberg & Morris, 1965) could not be detected. Low isocitrate lyase activity (Dixon & Kornberg, 1959 ) was found after growth on threonine rather than acetate (see Table I ). Malate and citrate synthase activities could not be assayed satisfactorily, again because of high acylase activity in crude extracts.
DISCUSSION
Growth, manometric and enzymic studies all suggested that L-threonine was catabolized by Pseudomonas oxalaticus via acetyl-CoA + glycine rather than aminoacetone. Threoninegrown bacteria adapted to growth on acetate+glycine medium without a lag and rapidly oxidized an equimolar mixture of these compounds. It appeared likely that acetyl-CoA was oxidized via the TCA cycle and that glycine was metabolized by a pathway functioning anaplerotically .
L-Threonine dehydrogenase formation induced by growth on threonine indicated that the initial step of threonine catabolism was the formation of 2-amino-3-oxobutyrate. The specific activity of the enzyme in extracts was higher than that previously described from any source. Extensive purification and partial resolution of the enzyme into two components has recently been achieved in these laboratories (Lowe & Dean, 1971) . The absence of L-threonine aldolase, and aldehyde dehydrogenase activity unaffected by growth on threonine, ruled out the aldolytic cleavage of threonine observed in other Pseudomonas strains (Morris, I 969). Low threonine dehydratase activity markedly inhibited by isoleucine, suggesting a biosynthetic rather than catabolic role, and the inability of Pseudomonas oxalaticus to grow on 2-oxobutryate or oxidize this compound, eliminated deamination as the initial obligatory catabolic step.
Although 2-amino-3-oxobutyrate thiolase could not be detected, probably for technical reasons, the accumulation of aminoacetone when iodoacetate was added to cultures of Pseudomonas oxalaticus growing on threonine was consistent with the catabolism of the 3-0x0 acid by a CoA-dependent step. The failure of threonine-grown bacteria to oxidize or otherwise utilize aminoacetone and oxidize methylglyoxal, and the absence of ' aminoacetone aminotransferase activity ' (Higgins, Turner & Willetts, I 967) from extracts precluded the operation of the amino ketone pathway (Willetts & Turner 1970 ) and contrasts with the properties of a Pseudomonas strain grown on I -aminopropan-2-01 (Higgins, Pickard & Turner, 1968) .
The ability of the threonine-grown bacteria to oxidize glycine and glyoxylate, in contrast to P-hydroxyaspartate, together with the finding of glycine-pyruvate aminotransferase and glyoxylate carboligase activities in extracts, indicated the operation of the glycerate pathway (Kornberg & Elsden, 1961) . It is known that Pseudomonas oxalaticus uses the glycerate pathway for glyoxylate metabolism during growth on oxalate (Blackmore & Quayle, 1970) . P-Hydroxyaspartate dehydratase activity (Kornberg & Morris, I 965) could not be detected. Glyoxylate carboligase formation was markedly induced by growth on threonine (Table I) . The finding of low isocitrate lyase activity after growth on threonine rather than acetate was additional evidence that glycine was metabolized via the glycerate pathway functioning anapleroticall y .
